Objective: To evaluate and compare the effect of 0.5% chlorhexidine gluconate, 1% sodium hypochlorite, and 2% glutaraldehyde by immersion and spray atomization technique on the linear dimensional stability of Jet bite, Aluwax and Ramitec interocclusal recording materials. Materials and Methods: Three representative materials: Jet bite (addition silicone), Aluwax and Ramitec (polyether) were mixed according to manufacturer's instructions and then specimens were prepared according to the specifications of ISO 4823. All the specimens except the control (distilled water) were treated with disinfectant solutions (0.5% chlorhexidine gluconate, 1% sodium hypochlorite, and 2% glutaraldehyde) for 30 and 60 min (n = 10) by spray and immersion technique. Once removed from the solutions, the test samples were washed in water for 15 s, dried and measured after 24 h 3 times using a measuring microscope with an accuracy of 0.0001 mm. Two-way ANOVA and Tukey's test with significance level of 5% were used to assess the statistical data (α = 0.05). Result: All groups showed no significant difference statistically, in linear dimension when disinfected for 30 min by spray or immersion technique. Polyether had significantly higher dimensional variation when immersed in sodium hypochlorite for 60 min. Addition silicone showed the least dimensional change which ranged from 0.024% to 0.05%, followed by polyether from 0.004% to 0.171% and Aluwax from 0.146% to 0.228%. Conclusion: To preserve the dimensions and surface of the recording materials and effective microbial elimination, restrictions should be applied in the method of disinfection and time duration. However, using the disinfectants either by spray or immersion technique, the dimensional change was <0.5% which was not clinically significant according to the American Dental Association specification no. 19 criteria within the first 24 h.
INTRODUCTION
Interocclusal recording materials are used to transfer the interocclusal relationship from patient mouth to the lab. These are impression plaster, compound wax, resin, metal oxide paste, rubber base, and silicone materials. [1] Any inaccuracy in the interocclusal record leads to occlusal errors in the final prosthesis.
To minimize the necessity of occlusal adjustments, the chosen material should accurately capture the interocclusal relationship. Failure to capture an accuracy lead to a time-consuming chair-side Bite registration record acts as a significant source for cross-contamination; so the American Dental Association (ADA) issued guidelines for disinfecting impressions in 1988, 1991, and 1996. [3] These must be disinfected immediately after their removal from the mouth. There are two important factors to consider when choosing a disinfectant namely, its ability to eliminate microbial contamination and its effect on the resultant material. The literature varies markedly in the concentration, type and immersion time of disinfection protocols, making it difficult to assess the appropriate method. [4] There is also very little guidance provided by the manufacturers as to the most suitable disinfectants to use with their products.
Although numerous studies have been made on the accuracy and stability of impression, [5, 6] few studies on the dimensional stability of different interocclusal recording materials have been investigated [7] [8] [9] [10] but the effect of disinfection and its method on the dimensional accuracy of interocclusal recording materials have not been reported previously.
MATERIALS AND METHODS
Three commercially available dental interocclusal recording materials and three commonly available disinfectants were selected for this in vitro study [Tables 1a and b] . A stainless steel die was prepared in accordance with the American National Standards Institute/ADA Council on Scientific Affairs specification no. 19 for linear dimensional changes that consisted of ruled block, mold, and riser [ Figure 1 ]. The ruled block contained three horizontal lines X, Y, Z (50 ± 8, 20 ± 4, 75 ± 8 µm) perpendicular to two vertical lines CD and C'D' of 75 ± 8 µm each. The lines CD and C'D' were separated from each other by 25 mm. The distance between XZ lines was 5 mm. The test mold was a cylinder with an inner and outer diameter of 30 and 38 mm. The depth of the mold was 6 mm to place the record material. The riser was a stainless steel disk of diameter 29.9 mm and thickness of 3 mm [ Figure 2 ] to retrieve specimen. Test block and ring mold were placed in an incubator (set at 35 ± 1°C) for conditioning for 15 min before manipulation of specimens.
Manipulation of polyvinylsiloxane bite registration material
The cartridge along with mixing tip was attached to an auto-mixing gun. The material was spread and pushed ahead of the syringe tip in a zigzag pattern with the tip buried in the material. A glass plate (4 × 4 inches square) covered with polyethylene sheet was placed on the die over which a weight of 1 kg was kept and allowed to set for 4-5 min in a thermostatically controlled water bath to stimulate mouth condition [ Figure 3 ].
Manipulation of Aluwax bite registration material
For the Aluwax [ Figure 4 ], the method was modified by submerging it in a 45°C water bath for 5 min using 5 ml glass syringe. This was carried out by breaking the wax and putting it into the syringe before melting. After homogenous mixing, the material was injected into the mold. 
Manipulation of polyether bite material
The required amount of equal length of pastes were dispensed on the mixing pad and mixed for 45 s to get homogenous streak free mix. The mix was loaded into a plastic syringe provided by the manufacturer. The mix was injected into the mold and spread same as other material [ Figure 5 ].
Preparation of samples
Their testing were conducted in controlled laboratory conditions. These conditions were entailed the temperature 24 ± 2°C and relative humidity of 55 ± 10%. Specimens [ Figure 6 ] were grouped as: Group A (Polyvinylsiloxane), Group B (Aluwax), and Group C (Polyether). These were subjected to the following disinfecting treatments based on ADA recommendations 0.5% chlorhexidine gluconate (Subgroup I), 1% sodium hypochlorite (Subgroup II), and 2% glutaraldehyde (Subgroup III) solutions that were used by two techniques; immersion and spray atomization. 60 Specimens from group A, B, and C were immersed in 0.5% chlorhexidine (Subgroup I) solutions for 30 min (n = 10, total = 30) and 60 min (n = 10, total = 30) separately at room temperature [ Figure 7a ].
Sixty specimens from Group A, B, and C were immersed in 1% sodium hypochlorite (Subgroup II) solutions for 30 min (n = 10, total = 30) and 60 min (n = 10, total = 30) separately at room temperature.
Sixty specimens from Group A, B, and C were immersed in 2% glutaraldehyde (Subgroup III) solutions for 30 min (n = 10, total = 30) and 60 min (n = 10, total = 30) separately at room temperature.
Specimens (n = 10, total = 180) were sprayed same as mentioned above (spray atomization technique) with all disinfectants until the complete surface of the specimens became wetted and sealed in a plastic bag for 30 and 60 min separately [ Figure 7b ]. ISO 9001:2000 certified spray bottle was used for spray atomization technique. It consisted of plain orifice nozzle with finger sprayer to propel contents from the container with no external source of compressed air being used. The same bottle was used for all the disinfectant solutions. After every usage, it was washed with distilled water and dried.
Specimens (n = 10, total = 60) from each group were treated with distilled water (control) for 30 and 60 min separately. The sample size is listed in Table 2 .
After disinfection, both control and test specimens were rinsed again under tap water for 10 s. This was done to stimulate rinsing the impression after removal from the oral cavity and also after removal from the disinfectant solution.
Measurements of the specimens were taken after 24 ± 1 h. All the measurements were performed by the same operator. The distance between the cross lines CD and C'D' reproduced in the samples were measured at the intersection of these lines with the XYZ lines by Measuring Microscope (STM 6-LM, Olympus) [ Figure 8 ] with ×10 magnification (0.0001 mm submicron precision).
The test block was measured five times to produce a mean value of 24.9150 mm. According to ISO 4823, the following equation was used to calculate the mean percentage of change for each specimen. The data obtained were analyzed with two-way ANOVA followed by post-hoc Tukey test (α = 0.05). In addition, a qualitative analysis was done using Scanning electron microscope (Hitachi S-3700N SEM, Unified Engineering Inc., Aurora) to detect the topographic changes.
RESULTS
Comparison of 3 different groups by immersion technique for 30 min showed no statistically significant difference by ANOVA. There was a statistically significant difference in the mean values between the group and the subgroups for each group when immersed for 60 min [ Table 3 ]. Post-hoc result showed that there was a significant interaction between subgroups of different groups. Within Group C (polyether), there was a statistically significant difference between subgroups and control [ Table 4 ]. Subgroups for each material group showed no results when sprayed for 30 and 60 min. Immersion and spray techniques were compared for 30 and 60 min by t-test, which showed no statistically significant difference except for the sodium hypochlorite in Group C for 60 min [ Table 5 ]. Figure 9 showed statistically significant difference between 30 and 60 min (P = 0.05) by immersion technique for each group, while spray technique did not showed any significant interaction when time period was increased except for Group B. Addition silicone showed [ Figure 10 ] the least dimensional change which ranged from 0.024% to 0.050%. Aluwax showed maximum dimensional change which ranged from 0.146% to 0.228%. P = 0.0031 for polyether when immersion period was increased for 60 min. Dimensional change of polyether ranged from 0.04% to 0.71%. Scanning electron microscopic analysis was made to determine the surface topography. Three samples from each subgroup for different time intervals were selected. Specimens were gold coated for 90 s with a plasma current of 18-20 mA. At low Further magnification at ×2.5 [ Figure 12 ], 60 min immersed polyether samples showed the micro-pits and voids which clearly demarcates the interferences in the polymerization reaction.
DISCUSSION
According to this study, all the interocclusal record materials showed variations when disinfected by immersion so null hypothesis were rejected. Based on spray technique for 30 and 60 min, subgroups for each material group showed no results, which is consistent with results of studies by Oderinu et al., [11] Juggar et al. [12] and Habu et al. [13] Chlorhexidine is a cationic bis-guanide which consists of two symmetric 4-chlorophenyl rings and two biguanide groups connected by central hexamethylene chain. Its efficacy is due to the interaction of positive charge of the molecule and negatively charged phosphate groups on the microbial cell walls. Glutaraldehyde solution acts by fixating cell membranes, blocking the release of cellular components and consequently killing the micro-organisms. The performance of sodium hypochlorite is based on cell oxidation. [14] A study by Silva and Salvador [15] Frederick et al. [16] and Drennon et al. [17] showed that disinfection of impression by spray appeared to be as efficacious as immersion and unlike the immersion method, it does not cause any dimensional changes. In this study, polyether showed varied dimension with sodium hypochlorite when immersed for 60 min. Since sodium hypochlorite is both an oxidizing and hydrolyzing agent. They are strongly alkaline, hypertonic, and typically have normal concentrations of 10-14% available chlorine. They deteriorate with time, exposure to light, temperature, and contamination with metallic ions. Chlorine compound is highly reactive and could react and fix on the material. [4, 18, 19] The dimensional change might be due to reaction of chlorine compound with sulfonic ether which interferes with the polymerization reaction and produces distortion. [16] Addition silicone showed the least dimensional variations among all, but showed significant difference in dimensional change with time when disinfected for longer period (60 min) The presence of these agents improves the compatibility with water and increases the sorption of water when impressions are immersed for longer period. [20] Aluwax has gained wide acceptance for interocclusal record transfer, however studies showed that waxes contain aluminum or copper particles which have flow rate of 2.5-22% at 37.5°C so that they are susceptible to distortion upon removal from the mouth. [21] Variation in the dimension was might be attributed to the greater coefficient of thermal expansion and distortion due to stress release. [22] [23] [24] The total percentage dimensional changes that occurred during the disinfection process ranged from 0.03% to 0.30%. To put the current result in context, the ADA specifies that impression materials should not exhibit more than 0.5% dimensional change in the first 24 h and all the materials investigated in this study satisfied the criteria. [25] Future research should make an attempt to measure the linear measurements directly on the impressions to see if there are any errors that could be introduced during articulation of the casts.
CONCLUSION
Within the limitation of the study, the dimensional change of addition silicone, Aluwax and polyether after disinfection in 0.5% chlorhexidine gluconate, 1% sodium hypochlorite and 2% glutaraldehyde for 30 or 60 min is clinically acceptable. The tested specimens gave the results which are within the limits of ADA Specification no. 19 . For 60 min immersion disinfection time period, sodium hypochlorite had significantly affected polyether (P = 0.0005). Therefore, spray atomization technique can be recommended for polyether disinfected with sodium hypochlorite, to preserve dimensional stability, whereas both spray or immersion technique can be safely used with the other two disinfectants for addition silicone and Aluwax. In addition, dimensional stability of interocclusal recording materials was found to decrease with the increase in immersion time period.
Clinical implications
For polyether interocclusal record, restrictions based on type, duration, and method of disinfection must be applied to preserve the accuracy of the impression and effective microbial elimination.
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